Objective The purpose of this study is to assess the degenerative changes in the motion segments above a L5S1 spondylolytic spondylolisthesis and to view these in light of the retrolisthesis in the segment immediately above the slip. Background summary A spondylolytic spondylolisthesis causes an abnormal motion and predisposes to degenerative changes at the L5S1 disc. Degenerative changes in the adjacent segments would influence the symptomatology and natural history of the disease and the treatment options. The extent of degenerative changes in the levels immediately above a L5S1 spondylolytic spondylolisthesis is not well documented in the literature. We have noted retrolisthesis at this level, but this has not been previously reported or assessed. Materials and methods Thirty-eight patients with a symptomatic L5S1 spondylolytic spondylolisthesis with a mean age of 52.8 years (95% CI 47.2-58.4); 55.3% (n = 21) females and 44.7% (n = 17) males. We assessed the lumbar lordosis, slip angle, sacral slope, grade of the slip, facet angles at L34 and L45 on both sides, facet degenerative score (cartilage and sclerosis values), disc degenerative score (Pfirrmann) at L34, L45 and L5S1 and the presence of retrolisthesis at L45. Results We noted that 29% (11) had a retrolisthesis at L45. The degenerative scores reduced significantly from L5S1 through L45 and L34. Slip angle and L45 disc degenerative score were the only factors that occurred consistently in patients with a retrolisthesis. Conclusions There is a cascade of degenerative changes that involve both the disc and the facet joints at the levels above a spondylolytic spondylolisthesis. The degenerative changes at the L45 disc and a higher slip angle are consistent findings in patients with a retrolisthesis at the level above the slip.
Introduction
The posterior apophyseal joints play an important stabilising role in the lumbar spine. The load-sharing function between the disc and the paired facet joints is well documented. The extent of this load sharing is affected by factors such as posture, sacral and pelvic morphology, and degeneration. In situations of abnormal loading such as spondylolisthesis, facets are inevitably over-loaded. Although abnormal mobility and abnormal patterns have been reported at the spondylolisthetic segment, little is known about the segments cranial to the slip. Our study sets out to understand the role played by the local anatomic and geometric factors that might influence the natural history of abnormal structural changes in the motion segments cranial to the one with the spondylolytic slip.
Materials and methods

Cohort demographics
The subjects of our current study are 38 patients with spondylolytic spondylolisthesis that were referred to our unit between June 2005 and May 2008. The mean age of this cohort was 52.8 years (95% CI 47.2-58.4) and the sex distribution was 55.3% female (n = 21) and 44.7% male (n = 17). All the patients underwent a plain erect radiographs, AP and lateral of the lumbar spine, and an MRI scan of the lumbar spine as a part of routine assessment. All the patients had a low-grade L5S1 spondylolisthesis: 58% (22 patients), grade 1 slip and 42% (16 patients) a grade 2 slip.
Parameters assessed
Lumbar lordosis: This is measured on the erect lateral radiograph of the lumbo-sacral spine, as the angle between the superior end-plates of L 1 and S 1 .
Sacral slope: This is measured on the erect lateral radiograph of the lumbo-sacral spine. The angle is formed by a horizontal reference line with the upper sacral end plate.
Slip angle: This is measured on the erect lateral radiograph of the lumbo-sacral spine. The angle is measured between the upper S 1 endplate with the inferior end plate of the L 5 vertebral body.
Facet geometry: The facet angle was measured as the angle subtended by a line along the long axis of the facet articulation with the midline [1] . This is measured on a T 2 -weighted axial scan on the MRI (Fig. 1 ) at L34 and L45 levels. The right and the left side angles are measured separately. The mean of the two values represents the mean facet angle. The difference of the right from the left side measures the facet tropism for that level. According to the method described by Vanharanta et al. [2] the tropism was mild if the difference was \5°, moderate if the difference was between 7 and 15°, and severe if [15°.
Facet degenerative changes: The degree of articular cartilage degeneration and articular process sclerosis was scored by one experienced observer using conventional criteria on T2-weighted axial MRI scans [3] . This was measured at L34 and L45 levels. The cartilage changes within the facet joint were classified into four grades based on the shape and the amount of the articular cartilage covering the joint surface: grade 1 was characterised by a uniformly thick layer of articular cartilage covering both the articular surface completely; grade 2 by cartilage covering the entire sure surface with localised erosions; grade 3 as incomplete covering of the articular surface, with areas of exposed underlying bone and grade 4 by a complete absence of articular cartilage except for some traces. The degree of articular process sclerosis was classified into four grades: grade 1 is a uniform thin band of cortical bone; grade 2 is a thin band of cortical bone with focal thickening; grade 3 represents dense subchondral bone extending over less than half of the articular process; and grade 4 is defined by the presence of osteophytes or dense cortical bone that covers over half of the facet joint.
Disc degeneration (Pfirrmann's classification): This was graded on T2-weighted mid-sagittal MRI cuts of the lumbar spine at L45 and L5S1 discs. The criteria involved are the disc homogeneity, nucleus-annular transition, signal intensity and the disc height. Five grades of disc degeneration are described: grade 1 is defined by a homogenous bright disc, a clear nuclear-annular transition, a hyperintense signal and a normal disc height; grade 2 as an inhomogenous disc, clear transition, hyper-or isointense signal and a normal height; grade 3 is represented by an inhomogenous grey disc, a loss of the nuclear-annular transition, intermediate intensity and a slight loss of disc height; grade 4 is defined by an inhomogenous grey-black disc, loss of nuclear transition, a hypointense signal and a reduced disc height; and a grade 5 is a black disc with a loss of transition, hypointense signal and a collapsed disc space.
Retrolisthesis: Posterior slippage of one vertebra over the one below it. This was recorded on the lateral radiograph of the lower lumbar spine and was noted for the level above the spondylolisthesis as being present or absent. (Figs. 2, 3 ).
Statistical methods
The patients were dichotomised based on the presence of the retrolisthesis at the L45 level. The results are expressed by way of the mean ± standard deviations and the 95% confidence intervals for each of the sub-groups. The subgroups are compared by way of comparing the means using an unpaired t test with a p values significant \0.05.
Results
Sagittal profile
Lumbar lordosis: The lordosis of the lumbar spine was a mean of -61.9°± 10.4 (95% CI -65.5 to -58.4). Slip angle: The mean slip angle was -17.4°± 12.7 (95% CI -21.7 to -13.0).
Sacral slope: The mean sacral slope of the entire cohort was 46.7 ± 8.2°(95% CI 43.9-49.5).
Degenerative cascade (Table 1) Disc degeneration: The mean Pfirrmann score at L34 was 1.88 ± 0.94, at L45 was 2.75 ± 1.14, while that at L5S1 had a mean of 4.44 ± 0.62. Comparing the L45 and L5S1 segments the changes at L5S1 were higher (p value of \0.0001) and between L34 and L45, the L45 segment was more degenerate (p = 0.0006).
Facet degeneration score: The mean facet score at L34 was 8 ± 2.1 and at L45 was 10.5 ± 2.4. The difference between the two was statistically significant with a value of 0.0001, the degeneration at L45 being higher than at L34.
Facet geometry
Mean facet angle: The mean facet angle at L34 was 50.9°± 8.9 and L45 was 57.9°± 8.3. An increase in the facet angle with a sagittal orientation caudally was statistically significant (p = 0.001).
Facet tropism (Table 2) : When assessed at the L34 level the tropism was mild in 22, moderate in 14 and severe in two patients. At L45, the tropism was mild in 23, moderate in 13 and severe in two patients. (Table 3) : The lumbar lordosis in the retrolisthesis group was -62.5 ± 10.7°and in the nonretrolisthesis group was -61.7 ± 10.5°(p = 0.847). The sacral slope in the retrolisthesis group was 47 ± 10.7°c ompared to 46.5 ± 7.02°in the non-retrolisthesis group (p = 0.869). The slip angle in the retrolisthesis group was -9.3 ± 15.8°and in the non-retrolisthesis group was -21.1 ± 9.24°p = 0.009).
Degenerative facet and disc scores ( Table 4) : The L34 facet score in the retrolisthesis group was 8.4 ± 2.5, while in the non-retrolisthesis group 7.8 ± 1.9 (p = 0.496). While the L45 facet score in the retrolisthesis group was 11.1 ± 2.8 compared with 10.1 ± 2.2 in the non-retrolisthesis group (p = 0.295). The disc score at L45 was 3.4 ± 1.1 in the retrolisthesis group and 2.4 ± 1.0 in the non-retrolisthesis group (p = 0.024). At the L5S1 level, the disc score was 4.6 ± 0.5 in the retrolisthesis group, and 4.4 ± 0.7 in the non-retrolisthesis group (p = 0.484). Table 5 .
Facet geometry: 8/22 patients with mild tropism at L34 also had a retrolisthesis, 5/14 had a moderate and the two patients with severe tropism were associated with a retrolisthesis. At the L45 level 9/23 had a mild tropism, 4/13 a moderate tropism and 1/2 a severe tropism.
Discussion
The patterns of degeneration in the lumbar motion segments have been extensively studied [4] . Some studies have demonstrated that the discs degenerate first [5] [6] [7] . An increase in the rotational forces leads to an over-loading of the facet joints [8] [9] [10] . This leads to a progressive degenerative changes in the facet joint occur with a lag of over two decades following the onset of disc degeneration [5] . Facet joint degeneration is relatively uncommon in persons under 40 years [11] and can steadily progress with the passage of time. By 60 years, moderate facet arthritic changes are usually seen in patients with disc degeneration [5] . The presence of a structural pathology, such as a spondylolytic spondylolisthesis, can provide a trigger for a more accelerated degeneration of the motion segment, particularly the facet joints [12] . However, more recent studies have suggested that factors such as the global spinal sagittal alignment and pelvic parameters account for variations in degenerative patterns, and facet and disc pathology [13] .
The facet geometry, i.e. facet joint angulation and facet joint tropism [1, [14] [15] [16] [17] [18] [19] [20] , may be additional factors that should be considered when assessing the degeneration of the motion segments. A more sagittal angulation of the facet joints allows for abnormal anterior translatory forces [8, 21] . In the presence of an L5S1 spondylolisthesis the effects on L34 and L45 can be conceived to be more profound than in the structurally normal lumbar spine. The mean facet angle in our series at L34 was 50.9°and at L45 57.9°(p = 0.001). These numbers imply higher translational forces at the L45 level than at the cranial levels. The facet angle by itself has little effect on the overall stability and may represent either an anatomic variation [22] or a secondary change based on re-modelling based on the lumbo-sacral pathology. Facet tropism is considered more important than age, level or the facet angle in causing disc and facet degeneration [15] . Both the cases of severe facet tropism at L34 occured in association with retrolisthesis, while at L45 just one of the two cases of severe tropism occurred in conjunction with a retrolisthesis. We do not feel that could derive any meaningful associations between facet tropism and the presence of a retrolisthesis. However, the sagittal orientation of the facets along with an asymmetry may account for an accelerated degeneration in both the L45 disc and the L45 facet joints.
We noted a linear reduction in the degeneration scores cranially (Fig. 4) . The facet degeneration scores reduced significantly from 10.1 at L45 to 8 at L34. The Pfirrmann scores for the disc degeneration reduced cranially from 4.4 at L5S1 to 2.75 at L45 and 1.88 at L34. When comparing these scores between the retrolisthesis group and the nonretrolisthesis group, the only factor that achieved statistical significance was the disc score at L45 (3.4 in the retrolisthesis group and 2.4 in the non-retrolisthesis group).
The sagittal profile assessments revealed that the lumbar lordosis of the cohort was in the high normal range, with a similar distribution between the retro and the non-retro groups. A similar pattern was seen with the sacral slope.
Though the mean slip angle of the entire cohort was -17.4, there was a wide difference between the slip angles in the retrolisthesis and the non-retrolisthesis groups. The retrolisthesis group had a much lower slip angle (-9.3°) than the non-retrolisthesis group (-21.1°). The relative kyphotic disposition of the lumbo-sacral segment could be the trigger for a local compensatory mechanism i.e. a retrolisthesis at L45. Since the lordosis is similar in the two groups it is likely that the retrolisthesis is not global attempt at compensation at the L45, to shift the plumb-line further back due to the 'kyphotic' lumbo-sacral junction, but rather a local effort that is caused by the degenerate L45 disc with the facet geometry variation being an additional factor. Although other global factors such as pelvic incidence could contribute towards the overall lumbar lordosis, we have restricted our assessments in this study to local factors to maintain clarity. We feel that the retrolisthesis is a local effect produced by the degenerative changes and a higher slip angle.
Our findings support the hypothesis that the lumbar discs degenerate earlier than the facets in the same time frame, and that the degenerative changes representing a progressive transition with decreasing severity cranialwards. Further, we have found that the degenerative scores at L45 disc and a low slip angle are the local factors that trigger a compensatory retrolisthesis at L45, the level above a low grade spondylolytic spondylolisthesis.
Conclusions
There is a cascade of degenerative change involving both the disc and the facet joints at the levels above a spondylolytic spondylolisthesis. The degenerative changes at the L45 disc and a higher slip angle predict a retrolisthesis at L45, the level above the slip. L34 total facet score L45 total facet score 2 Fig. 4 Linear regression of the facet degenerative scores at L34 and L45 levels
